A specific growth hormone (GH) binding protein of Mr approx. 100000 has been demonstrated in the cytosolic fraction (200 OOOg supernatant) of pregnant-rabbit liver by gel filtration techniques. This binding species was detectable by a standard charcoal separation procedure but not by the widely used poly(ethylene glycol) precipitation method. The GH binding protein had similar binding characteristics to those of classical membrane-bound GH receptors. The kinetics of association and dissociation, binding affinity (2.56 x 1091/mol) and hormonal specificity have been established. There appears to be equal or greater amounts of GH binding protein in the cytosol than in the membrane fraction. The presence of the GH binding protein in rabbit liver cytosol was substantiated by its selective purification on a GH-Affigel 15 affinity column. This technique has resulted in a 200-300-fold purification with no substantial change in binding affinity. The ability of a concanavalin A-Sepharose affinity column to also bind the cytosolic binding protein indicates that, like the membrane-bound GH receptor, it is a glycoprotein. This is the first report of a cytosolic binding protein for GH and raises important questions regarding its potential physiological role in the mechanism of action of GH.
Using gel chromatographic techniques we have recently identified and partially characterized a previously unreported specific GH binding protein of Mr 100000-124000 in both aqueous and detergent-solubilized membrane preparations of pregnant female rabbit liver (Ymer & Herington, 1984) . Furthermore, we have shown that poly-(ethylene glycol) precipitation, which is used widely as a method for detection of soluble hormone-receptor complexes (Cuatrecasus, 1972; Shiu & Friesen, 1974; Herington & Veith, 1977) , is unable to detect this particular binding protein.
The possibility, therefore, that a similar soluble GH-binding protein might be present in the intracellular cytosolic fraction (post-200000g cell supernatant) of rabbit liver was re-examined: previous studies using the poly(ethylene glycol) precipitation method had failed to detect any such soluble GH-binding protein (Tsushima, 1978) . The studies reported here describe for the first time the presence in rabbit liver cytosol of a high-affinity Abbreviations used: GH, growth hormone; PRL, prolactin, (the prefixes b, h, o and r refer to the bovine, human, ovine and rat hormones, respectively); PMSF, phenylmethanesulphonyl fluoride; Hepes, 4-(2-hydroxyethyl)-I-piperazine-ethanesulphonic acid.
GH-binding protein with characteristics similar to those of classical membrane-bound or -associated GH receptors. The data therefore raise important questions regarding the possible mechanism(s) of action of GH, in particular the initiation of intracellular biological actions.
Experimental
Hormones and reagents hGH (NIH-GH-H52160E) used for iodination, and oPRL (NIH-P-S-15), bGH (NIH-GH-B-18) and rGH (NIH-rGH-B6) used for unlabelled preparations were gifts of the National Hormone and Pituitary Program (NIADDKD, NIH, Bethesda, MD, U.S.A.). hGH (Mr 21000) for unlabelled standards was a gift of the Commonwealth Serum Laboratories, Melbourne, Australia. Iodination of hGH was by the lodogen method (Salacinski et al., 1981) using an equimolar ratio of hGH to Na 25I. The reaction mixture was separated on a 10ml Sephadex G-50 column equilibrated in 25mM-Tris/HCl pH7.5. The (Tsushima & Friesen, 1973) (Bradford, 1976) or Lowry (Lowry et al., 1951) methods.
Measurement of 125I-hGH binding
Rabbit liver cytosol (100ll; 2mg of protein/ml) was incubated with 1251-hGH (10000-20000c.p.m.; 0.2-0.4ng) in 25 mM-Tris/HCl, pH7.5, containing lOmM-CaCl2, 0.1% bovine serum albumin and 0.02% NaN3 in a final volume of 500p1 at 23°C for 2 h. Separation of bound and free hormone was achieved by the addition of an equal volume of 1% (w/v) charcoal coated with 0.1% (w/v) T-70 dextran. After 5min at 4°C the mixture was centrifuged (lOOOOg, 2min) in a Beckman Microfuge and the free 1251-hGH absorbed to the charcoal pellet was determined. Previous studies (results not shown) had determined these conditions to be optimal. Specific binding of hGH was determined by the difference between binding in the absence (total binding) and presence (non-specific binding) of a large excess
(1 pg) of unlabelled hGH. '25I-hGH binding to rabbit liver particulate fractions (e.g. the lOOOOOg pellet) was determined as described previously (Tsushima & Friesen, 1973) .
Detection of hGH binding activity by gel chromatography
Gel filtration of 125I-hGH-binding protein complex. Cytosol (50pl, 2mg of protein/ml) was incubated with 1251-hGH in the presence and absence of excess unlabelled hGH (1 gg) as described above but in a final volume of 250 1 and with the CaC12 replaced by MgCl2. After a 2h incubation, the whole mixture was chromatographed at 4°C on an Ultrogel ACA34 column (1 cm x 90cm) equilibrated in 50mM-Tris/HCl buffer (pH 7.5). Fractions (1 ml) were collected and the radioactive elution profile was determined.
Routinely, 80% of applied radioactivity was recovered. The ACA34 column was calibrated with Dextran Blue (VO), riboflavin (Vi) and the Mr markers listed above.
Gelfiltration ofliver cytosol. In some experiments liver cytosol alone (1 ml; 10-20mg of protein/ml) was gel chromatographed on the same ACA34 column described above. Fractions (1 ml) were collected and lOOpI aliquots were analysed for 1251-hGH binding activity by using the charcoalprecipitation method described above.
Affinity chromatography
Concanavalin A-Sepharose. Cytosol (2-4 ml, 10-20mg of protein/ml) was passed through a column of concanavalin A-Sepharose (0,7cm x 22cm) equilibrated in 25mM-Tris/HCl 10mM-Ca2 , pH 7.4. Fractions (15 x 2ml) were collected and then elution (15 x 2 ml fractions) was carried out in the presence of 0.1 M-methyl a-mannopyranoside and absence of calcium. An aliquot (100lul) of each fraction (both 'bound' and 'unbound' peaks) was assayed as above for 125I-hGH binding.
hGH-Affigel 15. hGH (70mg) was covalently linked to 17g of Affigel 15 at pH 7.5 (0.1 M-Hepes buffer) with gentle agitation for 1 h at room temperature. Any free, active esters remaining on the gel were blocked with 1.2ml of 7M-ethanolamine/HCl (pH8). Approx. 91% of the hGH remained linked following thorough sequential washing with 25mM-Tris/HCl, pH7.4, and 4M-MgCl2, as determined by the inclusion of a small amount of I1251-hGH in the original reaction mixture. Cytosol (4ml, 10-20mg of protein/ml) was applied to a column (0.7 cm x 25 cm) of hGHAffigel 15 and allowed to interact for I h at 21-22°C. The column was then washed with 25mM-Tris/HCl (pH 7.4) containing 40mM-CaCl2, 0.02% (w/v) NaN3 and Trasylol (lOOOk-i.u./ml) and the bound cytosolic protein(s) were eluted with 4M-urea and 4M-MgCl2, either alone or sequentially, as described by Waters & Friesen (1979) . The 'bound' fractions were dialysed against 25 mMTris/HCl, pH 7.5, containing 40mM-CaCI2 and then assayed as above for 1251-hGH binding.
Results and discussion
Four peaks of radioactivity were routinely observed following ACA34 gel filtration of an incubation mixture of 125I-hGH and rabbit liver cytosol (Fig. 1) . Peak 1 was small, was eluted near the void volume, was not readily displaced by excess unlabelled hGH, and therefore, probably represents a non-specific binding peak. Peak 3 was eluted in the same position as monomer hGH and represents free unbound 125I-hGH. Peak (Waters & Friesen, 1979) , to the presence of up to 0.5% (w/w) contamination of the oPRL with oGH (NIADDKD Information Sheet), or to both. Nevertheless, it would appear that the binding in peak 2 showed a greater specificity for somatotrophic than lactogenic hormones, a situation typical of GH receptors in rabbit liver. This same cytosolic hGH binding protein has also been observed in liver cytosols prepared from male and non-pregnant female rabbits as well as at much lower concentration in rabbit kidney and heart cytosols (results not shown).
If one assumes an hGH :binding protein stoichiometry of 1 :1 and a Mr of 21000 for hGH, then the hGH-binding protein present in the cytosolic fraction has an M, of approx. 100000. This value was confirmed by a separate series of experiments where the cytosol alone was gel chromatographed and the hGH-binding profile subsequently determined by incubation of individual column fractions with 1251-hGH followed by charcoal separation (Fig. 2) . Maximum specific hGH-binding activity corresponded to M, 92000. The M, determined by either of these methods corresponds with the value of 100000 determined by gel filtration for an hGH-binding protein solubilized by detergents or aqueous extraction from rabbit liver membrane preparations (Ymer & Herington, 1984) . Other similarities between the cytosol and membrane-solubilized Mr 100000 binding proteins exist. In particular, neither the cytosolic binding protein (results not shown) nor the membranesolubilized binding protein (Ymer & Herington, 1984) are detectable by the widely used poly-(ethylene glycol) method (Cuatrecasas, 1972; Shiu & Friesen, 1974; Herington & Veith, 1977 (Tsushima, 1978; Tsushima et al., 1980 (Fig.  3a) . Routinely 200,ug of cytosolic protein was used in each experiment, yielding 30-45% binding of labelled hGH. The kinetics of association and dissociation at 23°C were typical of membranebound receptors (Fig. 3b) with a binding equilibri- um being reached in 2 h and a half-time for dissociation (following addition of an excess of unlabelled hormone) of 4h. However, not all bound '251-hGH was dissociable from the cytosolic binding protein.
Binding affinity and capacity of the cytosolic binding protein were estimated by Scatchard analysis (Scatchard, 1949 ) of dose-response curves for the displacement of I25I-hGH by increasing concentrations of unlabelled hGH. Binding data were determined by using either the charcoal or gel-chromatography separation methods, both of which gave very similar results. The linear Scatchard plots (Fig. 4) were consistent with data obtained previously and gave a mean binding affinity [(2.56 + 0.37) x 109M-1 (mean ±S.E.M., n = 15)] which was similar to, although slightly higher than, that for either particulate, detergentor aqueous-solubilized GH receptors (Herington & Veith, 1977; Waters & Friesen, 1979; Tsushima et al., 1980; Herington et al., 1981 Waters & Friesen (1979) .
A similar result has been achieved by using a different type of affinity column, i.e. concanavalin A-Sepharose. Again the GH-binding activity of rabbit liver cytosol was bound to the column (results not shown), indicating that it was associated with a glycoprotein species. Elution of activity was achieved with 0.1 M-a-methyl mannopyranoside. These observations are also typical of those seen with solubilized membrane GH receptors (Tsushima, 1978; Herington et al., 1981 
